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(57) ABSTRACT

A temperature control system i1s provided for use with a
hybrid engine. The system includes a controller configured to
receive a signal representative of a temperature associated
with a selective catalytic reduction (SCR) catalyst configured
to receive an exhaust gas stream produced by a hybrid engine.
The controller 1s also configured to transmuit a first signal to a
generator operably coupled to a battery and the hybrid engine,
and transmit a second signal to a heater configured to heat the
SCR catalyst, wherein the first and second signals are con-
figured to regulate the temperature associated with the SCR
catalyst.

11 Claims, 2 Drawing Sheets
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CATALYST TEMPERATURE CONTROL
SYSTEM FOR A HYBRID ENGINE

TECHNICAL FIELD

The present disclosure 1s directed to a temperature control
system and, more particularly, to a catalyst temperature con-
trol system for a hybrid engine.

BACKGROUND

Hybrid engines typically include an electric motor and an
internal combustion engine. Engines, including diesel
engines, gasoline engines, gaseous fuel-driven engines, and
other engines known 1n the art, traditionally exhaust a com-
plex mixture of pollutants. These emissions may include gas-
cous and solid matenial, such as, particulate matter, nitrogen
oxides (NOx), and sulfur compounds. Heightened environ-
mental concerns have led regulatory agencies to increase the
stringency of emission standards for such engines, forcing
engine manufactures to develop systems to further reduce
levels of engine emissions.

Various devices and methods are used to reduce emission
levels, including after-treatment devices such as nmitrogen
oxide absorbers, sulfur oxide absorbers, and hydrocarbon
catalysts. These devices operate by reacting exhaust gases
with a chemical catalyst to transform pollutants into less
harmiul products, such as water and nitrogen. One method for
reducing exhaust emissions 1s selective catalytic reduction
(SCR). During SCR, a catalyst facilitates a reaction between
ammonia and NOx to produce water and nitrogen gas,
thereby reducing NOx levels 1n the exhaust gas.

While catalysts can reduce emission levels, they generally
operate most efficiently within a limited temperature range.
However, exhaust gas temperatures can fluctuate dramati-
cally during normal engine operation, and these fluctuations
can significantly reduce catalytic efficiency. Several devices
and methods have been used to maintain suitable exhaust gas
temperatures, including heating systems such as fuel burners,
microwave technology, and electric heaters.

One method for controlling exhaust temperature 1s dis-
closed n U.S. Patent Application Publication No. 2007/
0017215 (heremafiter “the *215 application™) of Matheaus et
al., published on Jan. 25, 2007. The °215 application
describes a hybrid engine and a lean NOx trap (LNT) after-
treatment system. The system described by the 2135 applica-
tion varies the torque loading on the hybrid engine using an
clectric motor. Increased loading raises exhaust temperatures
and thus reduces temperature tluctuations experienced by the
LNT. Additionally, heaters powered by electrical energy sup-
plied by the hybrid motor can be used to heat the exhaust.

Although the system of the *215 application may reduce
emission levels, LNT's have several limitations. LNT's require
frequent regeneration, such as, every thirty seconds. Also, the
system of the ’215 application requires torque sensors or
other devices to dampen engine oscillations caused by fre-
quent LN'T regeneration, and frequent switching between rich
and lean operating conditions can adversely affects engine
elficiency.

The present disclosure 1s directed at overcoming one or
more of the limitations 1n the prior art.

SUMMARY OF THE INVENTION

One aspect of the present disclosure 1s directed toward a
temperature control system, including a controller configured
to recerve a signal representative of a temperature associated
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with a selective catalytic reduction (SCR) catalyst configured
to receive an exhaust gas stream produced by a hybrid engine.
The controller 1s also configured to transmait a {irst signal to a

generator operably coupled to a battery and the hybrid engine,
and to transmit a second signal to a heater configured to heat
the SCR catalyst, wherein the first and second signals are
configured to regulate the temperature associated with the
SCR catalyst.

Another aspect of the present disclosure 1s directed to a
power system, including a hybrid engine configured to pro-
duce an exhaust gas stream. The power system also 1includes
a generator operably coupled to the hybrid engine and con-
figured to supply electrical power to a battery, a selective
catalytic reduction (SCR) catalyst configured to receive the
exhaust gas stream, and a heater configured to heat the SCR
catalyst. Additionally, the power system includes a controller
operably connected to the generator and the heater, wherein
the controller 1s configured to receive a signal representative
ol a temperature associated with the SCR catalyst.

BRIEF DESCRIPTION OF THE DRAWINGS

-

The accompanying drawings, which are incorporated 1n
and constitute a part of this specification, 1llustrate exemplary
embodiments of the disclosure and, together with the written
description, serve to explain the principles of the disclosed
system.

FIG. 1 provides a schematic representation of a machine
including a power source, according to an exemplary dis-
closed embodiment.

FIG. 2 provides a schematic representation of a machine
including a power source, according to another exemplary
disclosed embodiment.

DETAILED DESCRIPTION

FIG. 1 provides a schematic representation of a machine 10
including a power source 12. Machine 10 can include a hybrid
engine 11, wherein hybrid engine 11 can include power
source 12 and an electric motor 15. As described herein,
hybrid engine 11 can include various types and configurations
of power source 12 and electric motor 15.

In some embodiments, power source 12 may include any
type of internal combustion engine. For example, power
source 12 could be configured to operate on any type of fuel,
including diesel, gasoline, ethanol, gaseous fuel, bio-fuel, or
any other fuel type or combination of fuels. Further, power
source 12 may be configured to provide power to an on-
highway vehicle, construction or mining equipment, a factory
or power plant, or any other type of mobile or stationary
machine known 1n the art.

Power source 12 can be operably associated with a genera-
tor 14 configured to convert mechanical energy mto electric
energy. In some embodiments, power source 12 or generator
14 can be configured to provide energy to propel machine 10.
For example, electric motor 15 can be configured to recerve
clectrical power and propel machine 10, wherein electric
motor 15 could include an AC or DC motor of any type known
in the art.

Machine 10 can include various components configured to
reduce emission levels of exhaust gases produced by power
source 12. As described 1n detail below, temperatures of cata-
lysts and other exhaust components can be regulated via
clectronic control. Additionally, machine 10 can include vari-
ous components or subsystems configured to facilitate pro-
duction of mechanical or electrical power. For example,
machine 10 can include a battery 16 configured to store elec-
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trical power produced by generator 14 or supply stored elec-
trical energy to electric motor 15. Machine 10 can also
include an exhaust system 18 configured to receive exhaust
gas produced by power source 12. Other subsystems could
include a fuel system, an air induction system, a lubrication
system, a cooling system, or any other approprnate systems
(not shown).

Generator 14 can be operatively coupled to power source
12, e.g., viaa shaft, belt, or transmission system. Generator 14
can 1clude any type of generator, such as, for example, a
permanent magnet, induction, switched-reluctance, or com-
bination generator. Various generator designs may be used,
including sealed, brushless, or liquid cooled. Also, generator
14 could produce a direct current (DC) output or an alternat-
ing current (AC) output. AC or DC outputs may be converted
via a power converter (not shown) to produce any current or
voltage output required by machine 10.

Battery 16 can include any suitable battery, capacitor, or
other device configured to store electrical power. As shown 1n
FIG. 1, battery 16 can store electric energy produced by
generator 14. For example, 1f machine 10 1s operating under
low loads, generator 14 can convert excess mechanical energy
into electric energy for storage by battery 16. Battery 16 can
also be configured to supply electrical energy, such as, for
example, during operation or starting machine 10. Generator
14 or battery 16 could also provide electrical power to other
components (not shown) of machine 10.

Exhaust system 18 can be configured to receive an exhaust
gas stream produced by power source 12. Specifically,
exhaust system 18 can include an exhaust passage 20 fluidly
connected to power source 12. Exhaust system 18 can also
include one or more after-treatment devices 22 fluidly con-
nected to exhaust passage 20 and configured to remove or
reduce pollutants 1n the exhaust gas prior to release 1nto the
atmosphere. After-treatment devices 22 can include various
filters, catalysts, or other devices, such as, for example, a
heater 24 and a selective catalytic reduction (SCR) catalyst
26.

In some embodiments, exhaust system 18 can include one
or more heaters 24 configured to heat one or more after-
treatment devices 22. For example, heater 24 could be con-
figured to heat SCR catalyst 26. Heater 24 could be config-
ured to directly heat SCR catalyst 26, or indirectly heat SCR
catalyst 26 by partially increasing exhaust gas temperature.
Heater 24 can include a fuel burner, microwave heater, elec-
tric heater, or any other type of heater known 1n the art.

SCR catalyst 26 can be configured to receive of flow of
exhaust gas produced by power source 12. SCR catalyst 26
can also be configured to facilitate a chemical reaction involv-
ing constituents of the exhaust gas. For example, SCR cata-
lyst 26 can include a NOx-reducing catalyst configured to
facilitate a reaction between ammonia and NOx to at least
partially remove NOXx from the exhaust gas tlow.

SCR catalyst 26 can include a catalytic medium having a
material configured to react with one or more constituents of
the exhaust gas. The material can be formed from sintered
metallic particles such as, for example, aluminum, titanium,
platinum, or any other high-temperature alloy. The material
can also be formed from ceramic particles including, silicon
carbide, cordierite, mullite, or any other ceramic particles
known 1n the art. Formation of the material can be achieved
using a casting process, an injection molding process, or any
other process that produces a porous material with a desired
porosity.

To operate efficiently, SCR catalyst 26 requires suilicient
ammonia to react with NOx to reduce NOx levels. However,
power source 12 operating under lean combustion conditions
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can produce exhaust gas containing relatively low levels of
ammonia. To operate more efficiently, SCR catalyst 26 may
require additional ammonia to facilitate a more complete
reaction between ammonia and NOX. To provide additional
ammonia to SCR catalyst 26, an ammonia source 28 may be
fluidly connected to exhaust passage 20. In some embodi-
ments, ammonia source 28 may require a heater (not shown),
cooler (not shown), thermal 1nsulation (not shown), or other
similar device configured to maintain a suitable ammonia
temperature, such as, to prevent freezing.

Ammonia source 28 can include any device or system
configured to provide ammonia to an exhaust tlow produced
by power source 12. Ammonia source 28 could provide direct
injection of urea into the exhaust flow, which 1s readily con-
verted to ammonia. Ammonia source 28 could also include an
ammonia-producing catalyst configured to convert at least a
portion of the exhaust gas mto ammonia. The ammonia-
producing catalyst can be made from a variety of materials,
such as, for example, platinum, palladium, rhodium, 1ridium,
copper, chrome, vanadium, titanium, iron, or cesium. Com-
binations of these materials may be used, and the catalyst
material may be chosen based on the type of fuel used, the air
to fuel-vapor ratio desired, or for conformity with environ-
mental standards.

Ammonia may be produced by a reaction between NOx
and other substances in exhaust gas produced by power
source 12. For example, ammonia may be produced by react-
ing NOx with a variety of other combustion byproducts, such
as, H, (hydrogen gas), C;H, (propene), or CO (carbon mon-
oxide). In addition, the efficiency of catalytic conversion of
NOx to ammonia can be improved under rich conditions.
Therefore, a fuel source (not shown) could be added to
exhaust system 18 to supply fuel to exhaust passage 20 to
form a rich exhaust gas upstream ol ammonia source 28 and
SCR catalyst 26. In some embodiments, an ammonia-reduc-
ing catalyst (not shown) may be added downstream to reduce
the levels of ammonia contained 1n the exhaust gas tlow. Also,
various oxidation catalysts (not shown) may be added to
exhaust system 18 to at least partially control ratios of differ-
ent oxides of nitrogen, such as nitric oxide and nitrogen
dioxide, as some catalysts may function more effectively at
certain oxide ratios.

Catalytic devices generally operate more efficiently within
a limited temperature range. However, exhaust temperatures
vary significantly at different engine operating conditions. In
order to 1mprove catalytic efficiency over a wide range of
different engine operating conditions, 1t can be beneficial to
regulate catalyst temperature.

A controller 30 can be configured to control a temperature
associlated with one or more after-treatment devices 22, such
as, SCR catalyst 26. Various commercially available micro-
processors can be configured to perform one or more func-
tions of controller 30. Also, one or more operations of con-
troller 30 could be performed by a general engine
mICroprocessor, or a microprocessor capable of controlling
other functions of machine 10. Controller 30 can include a
memory, a secondary storage device, a processor, or any other
components required to transmit or receive signals. Other
circuits may be associated with controller 30, such as power
supply circuitry, signal conditioning circuitry, solenoid driver
circuitry, and other types of circuitry.

Controller 30 may embody a single microprocessor or
multiple microprocessors configured to control a temperature
associated with after-treatment device 22. Controller 30 can
be configured to provide continuous or intermittent control to
regulate the temperature of one or more after-treatment
devices 22. For example, controller 30 can be configured to
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transmit a signal to heater 24 to activate heater 24 to at least
partially heat SCR catalyst 26. Controller 30 may also be
configured to monitor a temperature associated with SCR
catalyst 26. Based on reception of such a signal, controller 30
could be configured to regulate the signal transmitted to
heater 24. Controller 30 may further be configured to transmit
a signal to one or more components of machine 10, such as,
for example, generator 14 or battery 16.

Controller 30 can be configured to receive a signal repre-
sentative of a temperature associated with one or more com-
ponents of exhaust system 18. For example, a signal repre-
sentative of a temperature associated with SCR catalyst 26
can be received by controller 30. In operation, a sensor (not
shown) may be located and configured to output a signal
associated with SCR catalyst 26. In other embodiments, the
sensor can be associated with exhaust passage 20 or another
component of exhaust system 18. For example, a thermo-
couple (not shown) could be located adjacent to SCR catalyst
26 and thermally coupled to SCR catalyst 26 via a thermally
conductive conduit wall. In other embodiments, a thermo-
couple (not shown) could be located within SCR catalyst 26
and 1 contact with a catalytic medium. The sensor can
include any suitable type of temperature sensor and may
measure gas, catalyst, or conduit temperatures. A temperature
signal can be sent continuously, intermittently, or when
requested by controller 30.

In some embodiments, controller 30 can be configured to
perform a calculation to convert a recerved signal mto any
suitable representative value of temperature. For example, the
signal may include a current or voltage reading recerved from
a thermocouple mounted on SCR catalyst 26. Further, con-
troller 30 could compare the SCR signal to another signal
received from a separate thermocouple located on another
part ol machine 10 to determine a relative temperature value,
or other representation of temperature.

Controller 30 could use any signal processing or algo-
rithms known 1n the art to convert any suitable input signal
into a temperature representation. For example, controller 30
could use other sensory imnputs as a substitute for the tempera-
ture signal. Such inputs may be associated with various
exhaust gas parameters, such as, for example, exhaust gas
flow rate, exhaust gas pressure, or any other parameter known
in the art. Controller 30 may receive and analyze such input to
derive a representative temperature value. For example,
exhaust system 18 may include a NOx sensor (not shown)
located downstream of SCR catalyst 26. A high NOx level
could indicate SCR catalyst 26 was operating at a temperature
too low to sulliciently reduce NOx emissions. If controller 30
received a signal from the NOx sensor indicating a high NOx
level, controller 30 could then transmait a signal to increase the
temperature of SCR catalyst 26 1n order to reduce NOx levels.

Controller 30 can also be configured to transmit one or
more signals to various components of machine 10. In some
embodiments, controller 30 could be configured to transmit a
signal to modify a hybrid engine parameter, including an
air-intake parameter, an exhaust gas parameter, a fuel input
parameter, an engine speed, or an engine load. The air-intake
parameter could be modified via control of various valves or
other devices configured to modily a flow of air into hybnd
engine 11, such as, for example, a variable-geometry turbo-
charger. The exhaust gas parameter could be modified by
back-pressure valves or other devices configured to modify
an exhaust flow from power source 12. The fuel input param-
cter could be modified by control of fuel 1injection systems.
These parameters could be modified to adjust operation of
power source 12 to at least partially change a temperature of
exhaust gas produced by power source 12. Moditying the
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exhaust gas temperature can also function to modify the tem-
perature associated with one or more after-treatment devices

22.

Controller 30 may also be configured to receive one or
more signals from various components of machine 10. For
example, controller 30 could be configured to receive a signal
representative of a power level associated with battery 16. A
low power level from battery 16 may trigger charging of
battery 16 by generator 14, increasing the power output from
generator 14. Such increased power output may add addi-
tional load to power source 12, and thus increase exhaust gas
temperature. Controller 30 may then transmit a signal to
heater 24 to reduce heat supplied to SCR catalyst 26 by heater
24, as additional heat can be supplied to SCR catalyst 26 by
increased heat transier from the exhaust gas flow at elevated
temperature.

In some embodiments, controller 30 can be configured to
output a signal to control the temperature of one or more
components of exhaust system 18. In particular, controller 30
can be configured to control a temperature associated with
SCR catalyst 26. For example, controller 30 could transmait at
least one signal to other components or subsystems of
machine 10 to maintain the temperature associated with SCR
catalyst 26 within a range of about 200° C. to about 400° C.

Controller 30 could be configured to control an operation
of one or more components of machine 10. In some embodi-
ments, controller 30 can control heater 24 to at least partially
raise a temperature associated with SCR catalyst 26. For
example, controller 30 could control the tlow of electrical
power to heater 24 from battery 16 or generator 14. In par-
ticular, generator 14 could provide power directly to heater 24
during engine start-up when rapid heating of SCR catalyst 26
can be required. In other embodiments, controller 30 could
control generator 14 to at least partially vary the electrical
loading on power source 12. By increasing the electrical load
of generator 14, power source 12 must increase power output.
Such an increase in power output generally increases the
temperature of exhaust gas produced by power source 12.
Controller 30 could function to increase the electrical loading
of generator 14 applied to power source 12, thereby increas-
ing the temperature of exhaust gas. Such an increase 1n
exhaust gas temperature could be regulated to maintain the
temperature associated with SCR catalyst 26 with a limited
range, as previously described.

Increasing the electrical loading of generator 14 can also be
achieved using other components of machine 10. For
example, controller 30 could also control battery 16 to
increase the power requirements of generator 14. Increasing
current flow from battery 16 to heater 24 could decrease the
power levels of battery 16. Decreased power levels could
trigger generator 14 to produce more electrical energy for
supply to battery 16, and thereby increase the electrical load
applied to power source 12. Such actions could increase
exhaust gas temperature produced by power source 12, which
could indirectly heat one or more after-treatment devices 22,
such as, for example, SCR catalyst 26.

Temperature regulation of SCR catalyst 26, or any other
component of exhaust system 18, could also be achieved by
transmitting a plurality of signals from controller 30. For
example, a first signal transmitted from controller 30 to gen-
crator 14 and a second signal transmitted from controller 30 to
heater 24 could both function to increase a temperature asso-
ciated with SCR catalyst 26, as previously described. Other
signals or additional signals could also be transmitted to other
components of machine 10 to increase a temperature associ-
ated with one or more after-treatment devices 22.
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FIG. 2 provides a schematic representation of machine 10
including power source 12, according to another exemplary

disclosed embodiment. As shown, exhaust system 18 can
include a filter 32, wherein filter 32 can include any general
type of device configured to at least partially remove particu-
late matter from an exhaust flow. The filter media may assist
1in removing particulate matter like soot, soluble organic frac-
tion (SOF), and other pollutants produced by power source
12.

Filter 32 can include any type of filter media, such as, for
example, ceramic, sintered metal, silicon carbide, or other
type filter known in the art. Filter media may be situated
horizontally, vertically, radially, or 1n any other configuration
permitting proper {iltration. Additionally, filter 32 may be of
a honeycomb, mesh, mat, or any other configuration that
provides an appropriate surface for trapping particulate mat-
ter. Filter 32 could also contain pores, cavities or spaces of a
s1ze that allows exhaust gas to flow through while substan-
tially restricting the passage of particulate matter.

Exhaust system 18 can also include a heater 34 capable of
heating filter 32. Heater 34 could include any type of heater as
previously described. Some configurations of exhaust system
18 may require only one heater, yet other configurations may
require a plurality of heaters. In some embodiments, heater 34
could be fluidly connected to exhaust passage 20 and located
upstream of filter 32. In other embodiments, heater 34 could
be configured to heat filter 32 directly.

Controller 30 could be configured to control a temperature
associated with filter 32. As previously described for SCR
catalyst 26, controller 30 could be configured to receive a
signal representative of a temperature associated with filter
32. Controller 30 can also be configured to transmit one or
more signals to control one or more components of machine
10 to regulate the temperature associated with filter 32. For
example, controller 30 could transmit a signal to activate
heater 34 to at least partially heat filter 32. Controller 30 could
function to regulate the temperatures of filter 32 and SCR
catalyst 26 by controlling one of more heaters, or one or more
components of machine 10, as previously described for SCR
catalyst 26.

Heater 34 could be configured to heat filter 32 during a
filter regeneration process. Regeneration 1s the process by
which trapped particulate matter 1s “burnt oil”” the filter by
suificiently elevating the filter’s temperature. Additionally,
controller 30 could be configured to detect when filter 34
required regeneration, or periodically perform regeneration.
For example, controller 30 could transmuit at least one signal

to maintain the temperature associated with filter 32 within a
range of about 250° C. to about 400° C.

INDUSTRIAL APPLICABILITY

The present disclosure provides a hybrid engine for use
with a selective catalytic reduction (SCR) system. The SCR
system may be used to reduce emission levels of the hybnid
engine. The disclosed exhaust treatment system may reduce
or eliminate the need for ineflicient, expensive, and unreliable
devices, such as lean NOX traps requiring frequent regenera-
tion.

Controller 30 of the present disclosure 1s configured to
regulate the temperature of one or more after-treatment
devices 22, such as SCR catalyst 26 or filter 34. Controller 30
can control heater 24 or the operation of power source 12 to
heat SCR catalyst 26 directly or indirectly. In some embodi-
ments, such a system could also monitor a temperature asso-
ciated with SCR catalyst 26 to provide a feedback signal.
Based on the feedback signal, controller 30 may transmit at

10

15

20

25

30

35

40

45

50

55

60

65

8

least one signal to heater 24 or component of machine 10 to
control the operation of heater 24 or components of machine
10. For example, a temperature associated with SCR catalyst
26 could be regulated by adjusting the electrical load experi-
enced by power source 12 to regulate exhaust temperatures
within a limited range to ensure efficient emission reduction.

Exhaust system 18 could also include one or more filters
32, which could be heated by heater 34. Controller 30 can be
configured to output one or more signals to regulate a tem-
perature associated with filter 32 by activating heater 34, or
controlling the operation of power source 12, such as, varying
the electrical loading of generator 14.

Controller 30 can also be configured to regulate the oper-
ating temperature range of SCR catalyst 26 and filter 32. In
some situations, controller 30 could increase an operating
temperature of one or more after-treatment devices 22. For
example, controller 30 could control the regeneration of filter
32 by periodically increasing the temperature of filter 32
above 1ts “light off” temperature. Controller 30 could also
increase the temperature of SCR catalyst 26 or filter 32 during
start-up, breaking, or light-load conditions of power source
12.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the disclosed
system without departing from the scope of the disclosure.
Other embodiments will be apparent to those skilled 1n the art
from consideration of the specification disclosed herein. It 1s
intended that the specification and examples be considered as
exemplary only, with a true scope being indicated by the
following claims and their equivalents.

What 1s claimed 1s:

1. A power system, comprising:

a hybrid engine configured to produce an exhaust gas

stream;

a generator operably coupled to the hybrid engine and

configured to supply electrical power to a battery;

a selective catalytic reduction (SCR) catalyst configured to

receive the exhaust gas stream;

a heater configured to heat the SCR catalyst; and

a controller operably connected to the generator and the

heater, wherein the controller 1s configured to:
receive a signal representative of a temperature associ-
ated with the SCR catalyst and a signal representative
of a power level of the battery, and to
control the heater and the generator based at least in part
on the temperature associated with the SCR catalyst
and the power level of the battery,
wherein controlling the generator based at least in part
on the temperature associated with the SCR catalyst
includes:
loading the hybrid engine with the generator, in
response to the power level of the battery being
below a predefined threshold, to heat the exhaust
gas stream, and
maintaining the temperature associated with the SCR
catalyst within a predefined range via the heated
exhaust gas stream while the power level of the
battery 1s below the predefined threshold.

2. The power system of claim 1, wherein the power system
further includes an ammonia source configured to mtroduce
ammonia 1nto the exhaust gas stream.

3. The power system of claim 1, wherein the controller
transmits a signal to at least one of the generator and the
heater to maintain the temperature associated with the SCR
catalyst within the predefined range, and the predefined range

1s between about 200° C. and about 400° C.
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4. The power system of claim 1, wherein the controller 1s
turther configured to transmit a signal to modily a hybnd
engine parameter.

5. The power system of claim 1, wherein the hybrid engine
includes a diesel engine.

6. The power system of claim 1, wherein the controller 1s
turther configured to:

receive a signal representative of a temperature associated

with the exhaust gas stream while the power level of the
battery 1s below the predefined threshold, and

modily operation of the generator, to alfect a change 1n the

temperature associated with the exhaust gas stream, in
response to the signal representative of the temperature
associated with the exhaust gas stream.

7. The power system of claim 1, wherein the controller 1s
turther configured to recetve a signal representative of a tem-
perature associated with a filter configured to receive a por-
tion of the exhaust gas stream.

8. The power system of claim 7, wherein the filter includes
a diesel particulate filter.

9. The power system of claim 7, further including a second
heater configured to heat the filter.

10. The power system of claim 9, wherein the controller 1s
configured to transmit a signal to the second heater to at least
partially raise the temperature associated with the filter.

11. The power system of claim 10, wherein the controller 1s
turther configured to control regeneration of the filter by
heating the filter using the second heater to periodically
increase the temperature associated with the filter above a
predefined threshold temperature.
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